Background: Oral implants have displayed clinical survival results at the 95%-99% level for over
Another central observation by Donath 1 is that foreign bodies provoke a chronic inflammation of the foreign body type. Recent research points to that c.p. titanium presents a clear but not very strong immune response, but that materials such as copper and PEEK indeed display a quite strong immune reaction in animal studies 5, 6 This strong immune response may be behind the fact that copper and PEEK are not directly bone anchored, but instead mainly display distance osteogenesis.
7
"A key for long-term survival and function of biomaterials is that they do not elicit a detrimental immune response." 8 One may look at the successful implantation as being in a delicate positive immune balance based on the individual host immune system which, however, may be disturbed by external impact factors that may lead to secondary implant problems and, possibly, implant failure due to strong immune and inflammatory reactivation. 9 2 | MATERIALS AND METHODS
| On biofilm formation and the foreign body reaction
Macromolecular and bacterial adhesion and the subsequent biofilm formation in the anchorage part of an implant is suggested to be one of the main causes for their failure. 10 The incidences of so defined
Biomaterial-Associated Infections (BAI) depend on the application considered, where for example, total hip and knee arthroplasties display infection rates from 1% in primary replacements to 5% in revision surgery. 11 BAI is difficult to treat with antibiotics as bacteria may be protected by their biofilm mode of growth or may not effectively be targeted by a compromised host immune system at the site of the implanted device. 12 Dental implants, although placed in unsterile environments, display a relatively low infection rate of around 1%, 13 film formation compared to surfaces of nonanodized titanium. [14] [15] [16] In the early inflammatory and healing phase (up to hours), both the coagulation cascade and complement system interact closely on or adjacent to the biomaterial surface and modulate each other's activities, thereby affecting inflammation and cell recruitment and binding onto surfaces. 17 We further know from the biomaterials the composition within the subsequent implant induration (fibrous encapsulation). 8 The mature fibrous capsule displays low vascularization, low innervation, and low cell numbers close to the foreign body. 22 Thus, the innate immune system has effectively shielded it off from the rest of the host tissue. 21 In bone, much less is understood about FBR and type 4 hypersensitivity. 23 This may be due to the different cell and physical appear- to be the case. [24] [25] [26] For instance, the innate/adaptive immune system is closely connected to regulation of osteoclastogenesis via T-cell secretion of the osteoclast activator RANKL, and counterbalanced by T-cell secretion of interferon-Gamma. 27 Furthermore, the most often observed inflammatory markers IL-1 and Nfκb in animal experiments are both connected to innate/adaptive immunity. 27 This and similar information lead us to hypothesize that osseointegration is nothing but an immune driven and balanced result of a matured foreign body reaction. 28 In a recent qPCR and histological comparison of bone healing between sham-and titanium-implant sites in rabbit tibiae, it was observed that many immune and inflammation related RNA markers adjacent to titanium were in comparison up or down regulated, and bone resorption by osteoclasts was markedly down regulated at 1-4 weeks of observation. 5 Presently, experiments are underway to find out whether the immune and foreign body recognition persist also after a longer time, or is down regulated at nondisturbed sites.
Eventually, the immune system close to a biomaterial is "silenced"
after a longer period of time, and the Foreign Body Reaction is possibly an attempt by the host tissues to isolate the foreign body but without overloading of the local immune reaction, that otherwise perpetuates the inflammatory process. One indication is the suppression of macrophage killing capacity observed in implant-close soft tissues, where macrophages were capable of engulfing bacteria in vivo, but were unable to kill the bacteria. 12 The hypothesis now is that all solid medical implants first are isolated via an immune driven chronic inflammation and then eventually finds a relatively silent I-I (InflammatoryImmunological) steady state. This balance may be disrupted by new generated microparticles (enhanced and new surfaces), mechanical stress, material properties, and dissolution. This balance, or disruption and re-establishment of it, may last throughout the lifetime of the implant, often for decades, and regardless of bodily location (except a few immune privileged locations such as the eye). In summary, solid medical implants are at all times recognized as nonself by host tissues.
As the host seldom can expel them, it isolates them via fibrous encapsulation or via a bone demarcation, sometimes progressing in the cancellous bone of the marrow. Tentatively, this protective reaction possibility persists as long as the implant remains in the tissue.
| Implications for oral implants
According to the literature, 29, 30 oral peri-implant diseases may present as mucositis and peri-implantitis, both ailments caused by bacteria.
29
Mucositis is a disease of the soft tissues characterized by bleeding on probing and finding probing depths of 4 mm or more. 30 Mucositis has been reported to occur in 48% of implants and up to 80% in subjects, 29, 30 however possibly with an underreported prevalence.
30
Peri-implantitis is seen as a similar disease, but additionally characterized by loss of marginal bone around the implant. The prevalence of peri-implantitis varies considerably in different reports depending on the precise definition of the disease, where no fewer than eight different definitions were reported by Rosen and colleagues. 30 In recent European papers, any bone loss has been regarded as indicative of disease 31 which results in very high figures of implant problems. It seems like these viewpoints on peri-implant disease originally were inspired by findings from natural teeth and periodontitis where we now know that quite different messenger RNA signals are displayed 32 and that bone loss of teeth is generally not simultaneous to bone loss around implants in the same patient. 33 However, with the knowledge described in the previous paragraph that oral implants display a lifelong chronic foreign body inflammation, one may critically debate whether mucositis is only an actual plaque driven inflammatory disease or a normal state around oral implants. The fact that the alleged soft tissue disease of mucositis is diagnosed by probing represents another factor that may be criticized against the background of very poor specificity of probing analyses around oral implants. 34 Thus, it could be suggested that the chronic inflammation observed at the implant site may be one part of the bacterial defense, another part of this inflammation defense being the immunological response to the implants with macrophages or macrophage-derived cells. This combination of Inflammation/Immunology is what we term the "I-I balance theory", a theory which moderates the presence of a soft tissue inflammation as only being referred to as a "disease" called mucositis.
Having said this, there may be certain human genotypes that may respond differently than other patients rendering them more susceptible to the inflammatory response from bacterial attacks following implant placement. 35, 36 It is probably the remarkably strong defense in form of the I-I balance system that is behind the fact that oral implants display very excellent clinical 10-year results 37 with implant survival in the 95%-99% range coupled to only 1%-2% of placed implants being threatened by aggressive bone resorption.
9,38,39
| Viewpoints of orthopedics
Orthopedic implants such as hip or knee arthroplasties have not been proven to present osseointegration, at least not in the original meaning of the term. 40 Instead, the interface around joint replacements is preliminary dominated by soft tissues, but there are clear signs of distance osteogenesis. We do not know for certain why orthopedic implants commonly display mainly distance osteogenesis, but it may relate to a combination of preferred materials, the very blunt surgery performed and the early loading in comparison to the situation with oral implants. We know that orthopedic implants commonly display some micro movements in the initial phase after implantation, but that they later display secondary stabilization. 41, 42 Nevertheless, the distance osteogenesis may be another 44 This orthopedic notion may be compared to a recent in vitro analysis of dental implants that demonstrated leaked out metal ions to activate the regulation of bone resorbing mediators. 45 The aseptic loosening of a hip arthroplasty is similar to the dental implant in that bone is gradually lost starting from the highest level of bone contact and, if continuous, gradually will remove more and more bone along the body of the implant. However, hip implant failure may be related to bacterial infections too, if in much smaller numbers compared to the aseptic loosening. Infection at placement of an orthopedic implant is more commonly seen than infection at the time of placement of a dental implant, probably due to a much greater surgical trauma for hip implants and, possibly, differently organized tissues and functions.
| Is there at all a disease around implants?
At a rapid glance, the definition of disease would be a simple procedure relating to disorder of function that is not resulting from physical injury. However, in reality, we lack a properly recognized definition totally free from commercial influence and, furthermore, several "diagnoses" such as osteoporosis, homosexuality and others have at one time been termed disease, if at other times not. 46, 47 Having said this, there is very clear evidence that disease may not always be behind implant marginal bone loss that instead may be related to complications to treatment, involving implant-, patient-, and clinicianrelated phenomena 48 ( Figure 2 ). Thus, it is known that certain implant provocations such as the host reaction to single ligatures (own data on file) or excessive cement residues in the soft tissue close to oral implants after cementation may give rise to marginal bone loss despite absence of any bacterial actions whatsoever (Figure 3 ). 9 Problems with such additional foreign bodies combined with the other foreign body the implant itself may be easily remedied by removing the ligature or the cement, at least if done in time. Further bone resorption may now automatically cease. However, using other foreign body materials such as heterologous bone grafts in compromised implant sites may cause increased risk for not only early but also late implant complications. 36, 50 There are numerous other both external impact factors as well as change in the host response systems that may change the I-I balance leading to bone loss. 9, 51 In such situations, there may be no disease at all initially; our inflammatory and immunological defense mechanisms are being FIGURE 2 Average bone resorption over time associated with different restorative dentists. Despite the initial restorative dentists involved in the study all used the same implant type placed in similar totally edentulous patients, the bone resorption pattern differed for different restorative dentists. This reaction with bone loss over time may depend on complications to treatment rather than being indicative of any disease. Modified from Ross Bryant 49 
FIGURE 3
Cemented constructions commonly display excess cement in the soft tissues. This may result in loss of marginal bone around implants due to one foreign body on another foreign body, a problem easily remedied by rapid removal of the cement foreign body. This type of bone loss, even if occurring after the implants first year in situ, is most unlikely to be associated with any form of disease challenged but without evidence of any disease, that cannot be based on a given number of millimeters of bone loss. Jemt and colleagues 52 recalled a sample of patients allegedly hit by a millimeter defined "periimplant disease" on average 9 years after the initial 5-20 years of follow up in the original report. 53 It was proven that more than 90% of the affected implants had seen no further significance bone resorption and more than 95% of the affected implants were still functioning in the jaws at an average of 20 years of follow up. 52 Further analysis of the data in this study revealed that patients with more invasive surgical treatment of peri-implantitis resulted in more bone loss and more implant failure than if only handled by oral hygienists, without surgery (Table 1) . Patients with no treatment showed the lowest levels of bone loss and implant failures during follow up, indicating that either the most severe situations were provided with the most active treatment, or that the treatment intervention per se increased the problem (Table 1) . Another recent follow-up study of selected patients treated with surgery due to peri-implantitis reported relatively good clinical outcome 54 (Berglundh and colleagues).
However, since only 50 patients were included over a 13 year period, it is uncertain whether these results of a relatively small subgroup really differ from the results reported by Jemt and colleagues 52 as seen in Table 1 . Taken together, it is indeed probable that so called periimplantitis with the severity of the alleged disease being regarded relating to the precise millimeter amount of marginal bone loss can be seriously challenged 49 ( Figure 4) . Reports are available that show difficulties to predict further bone loss based on previous measurements and that even an opposite trend may be observed, much related to methodological reasons. 55, 56 Thus, the I-I defense may not have lost the battle and the implant may come into a second steady state if with some previous bone resorption, but which not necessarily may decrease the long-term prognosis of implant survival that has been shown to be very positive, 57 as very few implants are lost after the first year in function. 50 However, with a continued attack on the implant defense mechanisms, due to the factors mentioned above, the defense may gradually collapse. Now bacteria may attack the bone harboring the implants and a state of disease may indeed evolve. 28 The collapse of the I-I balance may occur quite rapidly in rare cases, resulting in loss of bone and subsequent infectious attack on the implant within months, but in most cases, the procedure may take many years before it may end in disease. 28 It is fortunate that this unwanted series of events is quite rare and that few implants are lost during long-term follow-up. 9, 38 In essence, this article has criticized unnecessary diagnostics of disease, in cases when in fact no disease may be present. This ques- Another nine implants were lost, diagnosed as "unaffected" (2.0% of "unaffected" implants).
FIGURE 4
The left radiograms display implants in bone steady state and in an inflammatory-immunological balance. The radiograms in the middle displays some interfacial bone loss, but may nevertheless be in steady state as the great majority of such implants will respond positively to an activation of the inflammatory-immunological response. The implant on the right in the third radiogram has completely lost its bony anchorage and may display septic interfacial reactions and represents a failed case. Properly documented implant systems placed by trained individuals may see 1%-2% of such poorly functioning implants over follow up times of 10 years or more 
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